Background/Objectives: Although some studies have suggested that retinol-binding protein 4 (RBP4), a fat-derived adipokine, is positively related to overweight and obesity-related disorders, these claims have been disputed. This study investigated relationships between RBP4 level and weight status and metabolic disorders in a Korean population including confounding factors, age and gender. Subjects/Methods: From 2005 to 2007, we recruited 570 children and 241 of their parents living in Korean urban areas. We analyzed anthropometrical parameters, blood pressure, lipid profiles, and levels of serum glucose, insulin, leptin and RBP4, and estimated dietary intake based on a self-reported 3-day food diary. Results: Levels of RBP4 were high for men (226.2 mg/ml), mid-range among women (143.2 mg/ml) and low among boys and girls (boys 71.4, girls 66.9 mg/ml). After adjusting for age, gender differences among adults were consistently maintained (Po0.0001), and gender differences among children were detected minimally (P ¼ 0.05). On the basis of Cole's body mass index cutoff points, the prevalence of overweight among children was 19.3%. The prevalence among adults was 32.0%, based on World Health Organization criteria. Overweight children had higher RBP4 concentrations than normal. Overweight women had higher RBP4 levels than those of normal weight. Higher RBP4 levels were observed among overweight men, but the results were not statistically significant. Triglyceride (TG) levels were significantly correlated with RBP4 in all groups. Conclusions: Our results indicate that RBP4 concentrations in a Korean population varied with age, gender and overweight status. TG levels could be strongly correlated with RBP4 concentration.
Introduction
Retinol-binding protein 4 (RBP4), originally identified for its role in retinol transport, was recently identified as a fat-derived adipokine secreted by adipose tissue (Yang et al., 2005; Graham et al., 2006; Tamori et al., 2006) . RBP4 levels reportedly have a positive relationship with obesity (Graham et al., 2006) and insulin resistance (Yang et al., 2005; Cho et al., 2006; Graham et al., 2006) . Some metabolic syndrome components, such as abdominal obesity, elevated triglyceride and blood pressure, also have been reported to have a positive correlation with serum RBP4 concentration (Cho et al., 2006; Aeberli et al., 2007; Qi et al., 2007; Lee et al., 2007a; Gavi et al., 2008) .
However, studies have failed to demonstrate consistent associations between circulating RBP4 levels and obesity or total body fat (Janke et al., 2006; Broch et al., 2007; Stefan et al., 2007) . One study was unable to find an association between insulin sensitivity and RBP4 levels in human subjects with obesity or diabetes (Janke et al., 2006) . Several confounding factors may be involved when considering associations between RBP4 and insulin sensitivity.
Age and gender might influence RBP4 levels (Cho et al., 2006; Qi et al., 2007; Lee et al., 2007a) . Young subjects exhibit lower levels of RBP4 than elderly subjects, regardless of gender (Gavi et al., 2007 (Gavi et al., , 2008 . However, RBP4 concentrations in women younger than 50 years are significantly lower than those among women older than 50 years (Lim et al., 2008) . Moreover, women older than 50 years had lower RBP4 concentrations than men (Cho et al., 2006; Gavi et al., 2007) . This gender difference has previously been identified for other adipokines, including adiponectin and leptin, which could be explained by the effect of sex hormones and differences in body fat percentage (Saad et al., 1997; Combs et al., 2003) .
Some studies have identified concomitant increases in RBP4 levels with increasing adiposity, and have found that RBP4 levels are related to insulin resistance and weight status in adolescents and adults (Aeberli et al., 2007; Lee et al., 2007a; Reinehr et al., 2008) . Similar to the studies of adults discussed above, research has revealed that male adolescents have higher RBP4 levels than female adolescents. One study reported that RBP4 levels were significantly higher in adolescent male subjects than in adolescent females (mean age: 14.6 years; Lee et al., 2007a) , but another study of subjects with an average age of 10.5 years found that RBP4 levels did not differ significantly between boys and girls (Reinehr et al., 2008) .
We investigated differences in serum RBP4 level by gender and overweight status among Korean children and adults. We also evaluated whether serum RBP4 concentrations were correlated with components of insulin resistance and related factors among children and adults.
Subjects and methods

Participants
This cross-sectional study was based on a pediatric cohort recruited from the city of Gwacheon, Korea, in 2005. This cohort is being monitored in an ongoing prospective study of Korean children who have been examined yearly since their entry into elementary school at age 7. Subjects were excluded if they were taking any medications that might affect appetite or if they were enrolled in a specific diet program. Subjects included a total of 570 children enrolled between 2005 and 2007 . Approximately 20% of the children's parents (120 men and 121 women) also volunteered to be involved in the study. The study protocol was approved by the institutional review board at Inje University Seoul-Paik Hospital and the Korea Center for Disease Control and Prevention. All subjects gave written informed consent.
Anthropometric and biochemical measurements and dietary analysis have been described elsewhere . A total of 401 children and 239 adults completed the 3-day food diary. Serum RBP4 concentrations were determined using an enzyme-linked immunosorbent assay from a commercial kit (AdipoGen, Incheon, Korea). The analysis used a RBP4 competitive enzyme-linked immunosorbent assay system, in which 100 mg/l of recombinant human RBP4 expressed by an animal cell line (HEK293 cells) is coated onto a plate and varying concentrations of the recombinant RBP4 and a polyclonal antibody are added to the plate for a competitive reaction resulting in a standard curve.
We defined overweight status in children using Cole's cutoff point, corresponding to 25 kg/m 2 at 18 years of age for each sex and each age proposed by the body mass index (BMI) references established in an international survey (Cole et al., 2000) . In adults, overweight status was defined according to the World Health Organization criteria for normal weight (BMI o25 kg/m 2 ) and overweight (BMI X25 kg/m 2 ).
Statistical analysis
All continuous variables are expressed as means ± s.d. Data that were not normally distributed (for example, homeostasis model assessment-insulin resistance (HOMA-IR), body fat percentage) were logarithmically transformed before statistical analysis. Comparisons among groups were performed using Student's t-test and analysis of variance with Duncan's test. General linear model procedures with adjustment for age or both age and BMI were performed to test for the gender difference in RBP4 levels. Pearson's correlation analysis was used to evaluate the relationships among the different variables. Statistical analyses were performed using SAS 9.1 software (SAS institute, Cary, NC, USA). P-values o0.05 were considered to be statistically significant.
Results
Personal characteristics of the children and adults Table 1 lists the characteristics of the children and adults. All characteristics of children with the exception of energy intake differed significantly from the characteristics of adults. Significant differences appeared by gender among children, including height; weight; BMI; waist and hip circumferences; fasting serum glucose, HDL-C, and LDL-C levels; triglyceride (TG); and total energy intake. Among adults, gender-based differences included age, height, weight, percent body fat (men 25.3 ± 5.5 and women 33.4 ± 5.6%), BMI, waist and hip circumferences, glucose and fasting insulin levels, HOMA-IR, total cholesterol, HDL-C, LDL-C, TG, adiponectin, leptin, RBP4 levels (men 226.2 ± 143.3 and women 143.2 ± 92.5 mg/ml, Po0.0001), total energy intake, and vitamin A intake. After children and adults were separated by gender, we analyzed all variables for differences among the four groups by analysis of variance with Duncan's test. TG, adiponectin, and RBP4 levels differed significantly among groups: boys, girls, men and women. These three variables did not differ between boys and girls, but the difference between men and women was highly significant. TG and RBP4 levels exhibited a different trend from that of adiponectin: serum TG and RBP4 concentrations in children were significantly lower than those in women. Also, women had lower TG and RBP4 levels than men. However, when adjusted by age, we identified gender differences in RBP4 levels in children (P ¼ 0.05), and found that serum RBP4 concentrations between adult men and women differed significantly (Po0.0001). The prevalence of overweight was 45.8% for males and 18.2% for females. In children, the prevalence of overweight was 26.0% for boys and 11.2% for girls. Figure 1 shows the differences in RBP4 concentrations between normal-weight and overweight groups by sex for children and adults. Normal-weight boys had significantly lower RBP4 concentrations than overweight boys (P ¼ 0.02). Girls exhibited the same pattern with regard to RBP4 concentrations (P ¼ 0.03). RBP4 levels in normal-weight women were significantly lower than those in overweight women (P ¼ 0.04). However, RBP4 levels did not differ significantly between normal-weight and overweight groups of men (P ¼ 0.25).
Anthropometric and biochemical characteristics of children and adults by overweight status Table 2 lists the anthropometric and biochemical characteristics of children and adults by overweight status. On the basis of Cole et al. (2000) , 19.3% of children were overweight. On the basis of World Health Organization criteria, 32.0% of adults were overweight (BMI X25). In children, all variables except total cholesterol levels and dietary intakes of total energy and vitamin A differed significantly between the 5.0 ± 3.7* 9.1 ± 9.9 5.1 ± 4.3b 4.9 ± 2.8b 13.7 ± 11.9a 4.5 ± 3.7b HOMA-IR 1.0 ± 0.7* 2.2 ± 3.3 1.1 ± 0.8b 13.1 ± 5.3* 8.9 ± 4.5 12.8 ± 5.1a 13.6 ± 5.5a 6.9 ± 2.9c 10.9 ± 5.0b Leptin (ng/ml) 4.0 ± 3.4* 6.0 ± 4.2 3.7 ± 3.1b 4.2 ± 3.7b 3.9 ± 2.0b 8.1 ± 4.6a RBP4 (mg/ml) 69.4 ± 28.6* 184.5 ± 127.2 71.4 ± 28.8c 66.9 ± 28.1c 226.2 ± 143.3a 143.2 ± 92.5b Figure 1 The differences of RBP4 concentrations by overweight status in each sex and children and adults groups. The horizontal line that forms the top and bottom of the box is the 75th and 25th percentile of RBP4 concentrations, respectively. The median of the data is represented by the line that intersects the rectangular box. Horizontal lines above and below the box represent maximum and minimum values of the data set. NW, normal weight; OW, overweight. *Po0.05 significant difference of log-transformed RBP4 levels between normal weight and overweight.
RBP4, overweight and TG in children and adult IK Kim et al normal-weight and overweight groups. In adults, all variables except age, total energy intake and vitamin A intake differed significantly between normal-weight and overweight groups. The dietary intake of carbohydrate, protein and fat did not differ by overweight status among children or adults (Supplementary Table 1) . When children and adults were separated by sex and overweight status, we found that normal-weight and overweight groups of boys differed significantly in age, height, weight, body fat percent, BMI, waist and hip circumferences, fasting insulin, HOMA-IR levels, HDL-C, LDL-C, TG, adiponectin, leptin and RBP4 levels, total energy intake, and vitamin A intake (Table 2) . Normal-weight and overweight girls differed significantly in anthropometric variables including height, weight, body fat percent, BMI, and waist and hip circumferences. In addition, we found that biochemical variables except total cholesterol differed significantly between normal-weight and overweight groups. In adults, overweight men had significantly greater weight, percent body fat, BMI, and waist and hip circumferences than normal-weight men. Levels of insulin, HOMA-IR, HDL-C, TG, adiponectin and leptin tended to be higher in overweight men than in normal-weight men. RBP4 levels in normal-weight men were lower than in overweight men, but the difference was not statistically significant. Normalweight and overweight women differed significantly in weight, body fat percent, BMI, and waist and hip circumferences. In addition, overweight women had significantly higher levels of insulin, HOMA-IR, HDL-C, TG, leptin and RBP4 than normal-weight women. Adiponectin concentrations in normal-weight women were significantly lower than in overweight women. Table 3 lists the anthropometric and biochemical characteristics in children and adults, according to RBP4 tertiles and parameters that differ significantly between groups of each RBP4 tertile. Weight, waist and hip circumference, total cholesterol levels and TG levels differed significantly between the groups of children's RBP4 tertiles. Boys in the highest tertile of RBP4 level exhibited greater height, weight and hip circumferences, and TG levels, and the corresponding group of girls exhibited only higher TG levels (data not shown). Gender differences appeared in the RBP4 levels of children, but those were minimal. When adjusted by age and BMI, the gender difference in the RBP4 level of children was not present (P ¼ 0.18). Therefore, the following analysis for children does not include any further classification by gender. The concentration of serum RBP4 between men and women in adults was significantly different after the adjustment of age and BMI (Po0.0004). Insulin, HOMA-IR and TG levels differed significantly among the groups of men's RBP4 tertiles. Females in the highest tertile also had significantly higher body fat percent, BMI, waist and hip circumferences, insulin, HOMA-IR and total cholesterol levels. Among children, higher tertiles had a higher prevalence of overweight; this effect depended on boys because 
Clinical characteristics according to serum RBP4 tertiles
Age 7.9 ± 0.5 a 7.8 ± 0.5 7.9 ± 0.5 7.7 ± 0.5 40.9 ± 4.5 39.5 ± 3.5 37.7 ± 3.7 37. Correlations among RBP4 levels and anthropometric indicators and biochemical characteristics in adults and children Serum RBP4 levels and TG levels were strongly associated in each group (Table 4 and Figure 2 ). When adjusted by age and BMI, TG levels were significantly correlated with RBP4 concentrations in children (r ¼ 0.14; P ¼ 0.001), men (r ¼ 0.24; P ¼ 0.009) and women (r ¼ 0.25; P ¼ 0.007). Also, total cholesterol levels in children (r ¼ 0.10; P ¼ 0.02) and insulin levels and HOMA-IR (r ¼ 0.26 and 0.25, Po0.05) in men were significantly correlated with RBP4 concentrations, independent of age and BMI. Total energy intake and vitamin A intake were not significantly correlated with RBP4 levels in children, men, and women (data not shown).
Discussion
RBP4 is known to be related to obesity, type 2 diabetes mellitus, metabolic syndrome and insulin resistance (Graham et al., 2006; Qi et al., 2007) . However, relatively few studies have researched the interaction between RBP4 concentrations and these disorders in young children. Our results revealed that serum RBP4 concentrations varied in an age-and gender-specific manner in Korean adults and children, and were associated with lipid profiles. We identified apparent gender-related differences in RBP4 concentrations in pre-menopausal women and men, and minimal gender differences among children. RBP4 concentrations vary by gender in adults (Cho et al., 2006; Gavi et al., 2007; Fernandez-Real et al., 2008) and also vary with age (Cho et al., 2006; Lim et al., 2008) . Lim et al. (2008) found that RBP4 concentrations differed between a young female group (40.7 ± 12.2 mg/ml, age 18-29 years) and an older female group (48.1±15.3, age 50-71 years). Cho et al. (2006) also found that females older than 50 years had higher RBP4 levels than females younger than 50 years. However, no significant differences appeared in the RBP4 levels of men by age. Another recent study suggested that RBP4 concentration is associated with iron status, which varied in a genderdependent manner (Fernandez-Real et al., 2008) . A study of children revealed that RBP4 concentrations also differed significantly by pubertal status (Reinehr et al., 2008) . Thus, differences in sex hormone status and the accompanying body fat percentage might influence RBP4 concentrations. The gender differences in RBP4 levels indicate that a female hormone such as estrogen may affect BP4 concentrations in women. Although we identified gender-based differences in RBP4 level in adults aged younger than 50, the mechanism for this is still unclear and requires further research. Means followed by the same alphabets in the same row are not significantly different at Po0.05, by Duncan's multiple range test.
RBP4, overweight and TG in children and adult IK Kim et al We demonstrated that overweight boys and girls have significantly higher RBP4 concentrations than normalweight boys and girls, supporting previous studies of adolescents (Lee et al., 2007a; Reinehr et al., 2008) . In our study, boys in the higher tertile group of RBP4 concentration had a higher prevalence of overweight, although girls did not exhibit this trend. These results suggest that RBP4 concentration may not influence children's overweight directly. In contrast, the results suggest that children's overweight status may affect RBP4 levels. Overweight women had significantly higher RBP4 concentrations than normal-weight women. However, no statistical differences appeared in RBP4 concentrations between normal-weight men and overweight men. Several previous studies have reported that RBP4 levels are higher in overweight subjects (Lee et al., 2007a, b) . Other studies have found no association between RBP4 concentration and overweight status (Broch et al., 2007; Yao-Borengasser et al., 2007) . As with children, we found that women's overweight status had a positive influence on RBP4 concentration. In addition, when RBP4 concentrations are high, women's RBP4 levels may affect overweight status. However, no such trend appeared for men. Possible explanations for these discordant results may include the small sample size, or remarkably high RBP4 concentrations and an exceedingly high prevalence of overweight.
Previous studies have suggested an interaction between insulin resistance and RBP4 concentrations in humans and mice (Yang et al., 2005; Graham et al., 2006) . Increased RBP4 appears to induce insulin resistance by increasing phosphoenolpyruvate expression and glucose production, and by decreasing the action of insulin to suppress glucose production in hepatocytes (Yang et al., 2005) . We found a significantly positive correlation between men's RBP4 concentrations and serum insulin levels, and men in higher RBP4 tertile groups had higher insulin levels. However, RBP4, overweight and TG in children and adult IK Kim et al women in high RBP4 tertile groups did not exhibit significantly increased insulin levels. Because overweight status may influence insulin resistance, the presence of obesity could be a crucial determinant of insulin resistance (Kahn et al., 2006) . Thus, the lower prevalence of overweight in our female subjects (18.2%) compared with our male subjects (45.8%) might have lowered the degree of association between RBP4 levels and insulin resistance.
Our results confirmed the correlation between RBP4 concentrations and TG levels in both children and adults. RBP4 metabolism appears to be closely connected with liver fat. Hypertriglyceridemia, led by hyperinsulinemia, may subsequently provoke the synthesis and secretion of RBP4 from the liver or ectopic fat (Qi et al., 2007) . Increased RBP4 levels also affect TG levels. We found that the positive association between RBP4 and TG levels was maintained even considering confounding factors such as age and BMI. We did not evaluate liver or ectopic fat data, so further research will be required to elucidate the apparent mechanism for the relationship between serum RBP4 concentrations and liver or ectopic fat distribution.
A previous study reported that nutritional status (vitamin A intake) affected RBP4 levels (Aeberli et al., 2007) . We found no association between serum RBP4 concentrations and vitamin A intake. The amount of vitamin A ingested by the subjects in the study was within the adequate range, so vitamin A intake did not affect RBP4 levels. One limitation of our study was that we did not investigate alcohol consumption and smoking status of adults, which could act as confounders. Further research including measurements of smoking status and alcohol consumption will be necessary.
In conclusion, although our sample of adults was small, we demonstrated that gender is one of determinants of RBP4 concentration among Korean adults, and women exhibited a particularly strong association between RBP4 concentrations and overweight status. Children exhibited lower RBP4 levels than adults. Of the many components of metabolic disorders, TG levels appeared to be correlated with RBP4 concentrations in all subjects regardless of age. Reducing RBP4 levels could be a new strategy for treating hyperlipidemia.
